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• 6HPDQWLF4XDOLW\7KHGRPDLQPRGHOVIXOILOOV\QWDFWLFTXDOLW\DQGWKHDQDO\VLVUHVXOWVIROORZFRPPRQ
UHTXLUHPHQWVHJWKHHQHUJ\FRQVXPSWLRQRIDEXLOGLQJIROORZVVWDQGDUGHQHUJ\UHJXODWLRQV
• 7DUJHW4XDOLW\7KHGRPDLQPRGHOVIXOILOOVHPDQWLFTXDOLW\DQGWKHDQDO\VLVVKRZVUHVXOWVIROORZLQJDWDVN
VSHFLILFWDUJHWIXQFWLRQHJWKHHQHUJ\FRQVXPSWLRQRIDEXLOGLQJYDULDQWKDVWREHORZHUWKDQWKHHQHUJ\
FRQVXPSWLRQRIWKHH[LVWLQJEXLOGLQJYDULDQWV

7KHLQVSHFWLRQRIWKHPRGHOTXDOLW\QHHGVQH[WWRWKHGRPDLQPRGHOVWKHGHVFULSWLRQVRIWKHUHTXLUHPHQWVRIWKH
DQDO\]LQJWRROVDQGWKHFHUWDLQFRQWH[WGHVFULSWLRQWKHGRPDLQPRGHOVDQGWKHDQDO\]LQJWRROVDUHXVHG7KHW\SHRI
LQVSHFWLRQSURSRVHGLQWKLVSDSHUDLPVDWSUHFKHFNLQJWKHGRPDLQPRGHOV\QWDFWLFTXDOLW\E\GHVFULELQJWKHGRPDLQ
PRGHOVWKHDQDO\VLVUHTXLUHPHQWVDQGWKHFRQWH[WLQIRUPDWLRQLQDKROLVWLFPRGHOFDOOHGV\VWHPDQDO\VLVPRGHO,Q
PRVWFDVHVWKHVHWKUHHNLQGVRILQIRUPDWLRQDUHVHSDUDWHO\FRQVLGHUHGDQGWKHFRPELQDWLRQRIWKHVHLQIRUPDWLRQLVEH
FDUULHGRXWPDQXDOO\7KLVKDVWKHFRQVHTXHQFHWKDWSUHFKHFNLQJRIGRPDLQPRGHOVLVGRQHIRUHDFKSURFHVVVWHS
VHSDUDWHO\ DYRLGLQJ WKH RYHUDOO LQVSHFWLRQ RI WKH ZKROH DQDO\VLV SURFHVV 6R WKH ,QWHUQDWLRQDO $OOLDQFH IRU
,QWHURSHUDELOLW\,$,GHILQHGWKH,)&0RGHO9LHZ'HILQLWLRQ)RUPDWWRVSHFLI\ZKLFKGDWDVKRXOGEHLQWKH%,0
PRGHO>@IRUDIROORZLQJFRPSOHWHQHVVFKHFN+HUHFDSDELOLWLHVIRULQVSHFWLQJSURFHVVVWHSVLQDQRYHUDOOFRQWH[W
DUHPLVVLQJ)RUDFKLHYLQJVXFKDKROLVWLFPRGHODSSURDFKWKHDQDO\VLVDQGWKHDQDO\VLVFRQWH[WKDVWREHVSHFLILHG
7KLVZLOO EH GRQH LQ D SURFHVVPRGHO ZKLFK VXSSRUWV GLIIHUHQW VWDJHV RI EXLOGLQJ GHVLJQ E\ SURYLGLQJ GLIIHUHQW
OHYHOVRIGHWDLO IRU WKHSURFHVVPRGHOLQJ1H[W WR WKLV WKH LQSXW DQGRXWSXWRI WKHSURFHVVHVKDV WREHGHVFULEHG
7KHUHIRUHWKH%,0PRGHOKDVWREHVHPDQWLFDOO\HQULFKHGWRDQHQHUJ\HQKDQFHG%,0PRGHOHH%,0LQWHJUDWLQJ
WKH DGGLWLRQDO HQHUJ\ UHOHYDQW LQIRUPDWLRQ OLNH FOLPDWH GDWD RFFXSDQF\ GDWD HWF 7KLV LQWHJUDWLRQ FRPSULVHV WKH
VSHFLILFDWLRQRIQHZ%,0HOHPHQWVH[WHQGLQJWKHH[LVWLQJHOHPHQWVWRVHUYHDVFRQQHFWLRQSRLQWVIRUWKHDGGLWLRQDO
QRQ%,0LQIRUPDWLRQ7KHGHYHORSPHQWRIVXFKDQH[WHQGHG%,0PRGHOH%,0GHULYLQJWKHH[WHQGLQJHOHPHQWV
PRVWO\DXWRPDWLFDOO\DQGVXSSRUWLQJWKHOLQNLQJZLWKWKHQRQ%,0GDWDLVWKHILUVWVWHSWRZDUGVHH%,0

6HYHUDO PRGHOLQJ WHFKQRORJLHV ZHUH SXEOLVKHG WR RYHUFRPH WKH LQWHUOLQNLQJ RU LQWHJUDWLQJ RI GLIIHUHQW
KHWHURJHQHRXVGDWDIRUPDWVLQDVXIILFLHQWPRGHOTXDOLW\)XFKVHWDO>@VKRZHGKRZWKHOLQNLQJRIGLIIHUHQWUDZ
GDWD PRGHOV FDOOHG HOHPHQWDU\ PRGHOV FDQ EH LQWHUOLQNHG ZLWK D OLJKWZHLJKW ;0/ IRUPDW 7KH HOHPHQWV RI
HOHPHQWDU\PRGHOVDUHFRQQHFWHGDQGWKHUDZGDWDLVOHDYHGXQFKDQJHG&XUU\HWDO>@SUHVHQWHGDVLPLODUDSSURDFK
E\XVLQJ5')5HVRXUFH'HVFULSWLRQ)RUPDWZKLFKDOORZVWKHXVDJHRIVHPDQWLFZHEIHDWXUHVOLNHTXHU\LQJZLWK
63$54/7KH\ XVHG ,)& DV UHSUHVHQWDWLRQ RI%,0 DQGPDSSHG HOHPHQWV WR5')%HHW] HW DO >@ SUHVHQWHG DQ
DSSURDFKKRZWRPDS(;35(66 WR2:/:HE2QWRORJ\/DQJXDJHZKLFKFDQEHXVHG WR WUDQVIRUP,)& WR WKH
RQWRORJ\ UHSUHVHQWDWLRQ ,IF2:/ ,Q WKLV SDSHU DQ RQWRORJ\ LV SURSRVHG DV PRGHOLQJ WHFKQRORJ\ IRUPLQJ WKH
IUDPHZRUN IRU WKH UXOHEDVHG HH%,0 SUHLQVSHFWLRQ 7KHUHE\ WKLV V\VWHP DQDO\VLV RQWRORJ\ XVHV ,IF2:/ IRU
GHVFULELQJWKH%,0GRPDLQ
$QDO\VLV&RQWH[W
7KHLQVSHFWLRQRIWKHFRUUHFWQHVVRIWKHGRPDLQPRGHOVDQGWKHLUFRPELQDWLRQVHH%,0VWDUWVZLWKWKHTXHVWLRQ
LQZKLFKDQDO\VLVFRQWH[WWKH\ZLOOEHXVHG>@7KHUHE\WKHDQDO\VLVGHVFULEHVDSURFHVVFRQVLVWLQJRIGLIIHUHQWVXE
SURFHVVHVDQGSURFHVVVWHSV6RWKHDQDO\VLVFRQWH[WLVIRUPHGE\WKHSURFHVVGHVFULSWLRQDQGWKHUHTXLUHGLQSXWDQG
RXWSXW +HUH WKH GRPDLQ PRGHOV DQG WKHLU OLQNLQJ DV ZHOO DV WKH DSSOLFDWLRQ WRRO GHVFULSWLRQ DQG WKH UHODWHG
DSSOLFDWLRQPRGHOVVXPPDUL]HGLQDQHQYLURQPHQWPRGHOUHSUHVHQWWKHLQSXWDQGWKHRXWSXWRIWKHDQDO\VLVSURFHVV
)LJXUHOHIW

$ORQJ WKHSURFHVV IORZ WKHQHFHVVDU\ LQSXW DQGRXWSXWGHSHQGVRQ WKHSURFHVVRU SURFHVV VWHSZKLFKZLOO EH
H[HFXWHG7KLVLPSOLHVWKDWDPRGHOFKHFNLQJLVDOZD\VSURFHVVERXQG7KHW\SHRIPRGHOFKHFNLQJZKLFKZLOOEH
DSSOLHG VWURQJO\ GHSHQGV RQ WKH /HYHO RI'HWDLO /R' WKHPRGHOV DUH GHVFULEHG 7KHUHE\ WKH GHVFULSWLRQ RI D
FHUWDLQ GRPDLQ UHSUHVHQWHG E\ LWV FRUUHVSRQGLQJ HOHPHQWV FDQ EHPRUH GHWDLOHG EXW LI LQSXW HOHPHQWV DQG WKHLU
DWWULEXWHYDOXHVZLOOEHVXPPDUL]HGGXULQJWKHDQDO\VLVLWFDQDOVREHPRUHDEVWUDFWDWWKHHQGRIWKHSURFHVV6R
DFFRUGLQJWKHSURFHVVIORZDQGWKH/R'DJHQHUDOTXDOLWDWLYHLQWHUGHSHQGHQFHDQGDJHQHULFVSHFLILFDWLRQRISURFHVV
UXOHVFDQQRWEHIRUPXODWHG7KLVPHDQVWKDWWKH/R'RIWKH,2PRGHOVLVDOVRSURFHVVERXQG
295 Mathias Kadolsky et al. /  Procedia Engineering  85 ( 2014 )  293 – 301 
7KLVKDVWKHFRQVHTXHQFHWKDWWKHGHWDLOLQJRIDSURFHVVLQIOXHQFHVWKH/R'RIWKH,2PRGHOV%DVHGRQWKHIDFW
WKDW D GHWDLOHG SURFHVV UHTXLUHV PRUH GHWDLOHG LQIRUPDWLRQ RI WKH LQSXW DQG WKH RXWSXW D JHQHUDO TXDOLWDWLYH
LQWHUGHSHQGHQFHEHWZHHQSURFHVVGHWDLOLQJDQGWKH/R'RIWKH,2PRGHOVFDQEHGHULYHG$KLJKHUSURFHVVGHWDLOLQJ
LPSOLHVDKLJKHU/R'RIWKH,2PRGHOVDQGDQLQVSHFWLRQIDLOVLIWKH,2PRGHOVRIWKHVXESURFHVVDUHQRWSUHVHQWHG
LQDKLJKHU/R'


)LJ2QWRORJ\3URFHVV0RGHO
)ROORZLQJ WKH LGHQWLILHG GHSHQGHQFLHV WKH RQWRORJ\ SURFHVV PRGHO SURYLGHV WKH GHILQLWLRQ RI GLIIHUHQW GHWDLO
OHYHOV VWDUWLQJ ZLWK SURFHVV DUHDV JXLGHOLQHV HWF DQG HQGLQJ ZLWK FHUWDLQ SURFHVV VWHSV 7KHUHE\ WKH LQSXW
LQIRUPDWLRQFRPLQJ IURP WKHGRPDLQ UHSUHVHQWV D FHUWDLQGRPDLQYLHZ)LJXUH ULJKW7KHGRPDLQYLHZ LV WKH
UHVXOWRIOLQNLQJGLIIHUHQWGRPDLQHOHPHQWVZLWKHDFKRWKHU7KHOLQNHGHOHPHQWVIRUPLQJDVSHFLILFW\SHRIHOHPHQWV
LQ WKH RQWRORJ\ WKH VR FDOOHG LQWHUIDFH HOHPHQWV 7KLV NLQG RI HOHPHQWV FRQQHFWLQJ GLIIHUHQW GRPDLQPRGHOV DUH
H[LVWLQJGRPDLQHOHPHQWVRUDGGLWLRQDOO\LQFOXGHGHOHPHQWVOLNHHOHPHQWVIRUH[WHQGLQJWKH%,0PRGHOH%,07KH
GRPDLQ YLHZ UHSUHVHQWV WKH RQH SDUW RI WKH SURFHVV ,2 7KH RWKHU SDUW RI WKH SURFHVV ,2 LV FRPLQJ IURP WKH
HQYLURQPHQWPRGHODQGLWVHOHPHQWV7KLVSDUWLVRSWLRQDOWRFRQVLGHUSURFHVVHVZRUNLQJRQO\LQWHUQDOO\RQGRPDLQ
HOHPHQWV7KHHQYLURQPHQWPRGHOFRQWDLQVRQWRORJ\HOHPHQWVGHVFULELQJWKHH[WHUQDODFFHVVWRWKHDQDO\VLVGRPDLQ
6R WKLVPRGHO VSHFLILHV H[WHUQDO DQDO\VLV WRROV DQG WKHLU UHODWHG DQDO\VLVPRGHOV 7KH GHVFULSWLRQ RI WKH WRROV LV
UHGXFHGWRPHWDGDWDLQIRUPDWLRQMXVWWRFODVVLI\WRROVDFFRUGLQJWKHLUIXQFWLRQDOLW\DQGWRFKHFNWKHDYDLODELOLW\RID
ZHE VHUYLFH UHSUHVHQWLQJ WKH WRRO 7KH H[WHUQDO DQDO\VLV PRGHOV DUH WKH ,2PRGHOV LQ WKH H[WHUQDO DQDO\VLV WRRO
UHTXLUHG IRUPDW +HUH WKH PRGHO GHILQLWLRQ DOVR FRPSULVHV OLQNV WR DSSURSULDWH PDSSHUV FRQYHUWLQJ WKH GRPDLQ
LQIRUPDWLRQLQWRWKHFRUUHFWIRUPDW7KHUHE\WKLVPDSSLQJFDQEHDOVRUHDOL]HGE\XVLQJ6:5/UXOHVDQG63$54/
TXHULHVZKLFKLPSOLFLWO\UHSUHVHQWWKHH[WHUQDODQDO\VLVPRGHO7KHH[SOLFLWFRQQHFWLRQEHWZHHQSURFHVVHVGRPDLQV
DQG HQYLURQPHQW HVWDEOLVK D PHWKRG WR H[SORUH D FHUWDLQ RQWRORJ\ LQVWDQFH DQG D FHUWDLQ DQDO\VLV V\VWHP IURP
GLIIHUHQWYLHZSRLQWVEXW DOZD\V LQDZKROHFRQWH[W7KLVPHDQVE\ LQYHVWLJDWLQJ WKHGRPDLQPRGHOV LW LV DOZD\V
SRVVLEOHWRLGHQWLI\WKHSURFHVVRUSURFHVVHVWKHVHPRGHOVDUHXVHGDVSURFHVVLQSXW%DVHGRQWKLVIDFWWKHRQWRORJ\
FRQFHSWLVDWWUDFWLYHIRUDJHQHUDORUGHULQJVWUXFWXUH

7KHRQWRORJ\GHVFULSWLRQOD\VWKHIRFXVRQWKHVWDWLFSURSHUWLHVRIDSURFHVV7KLVPHDQVWKHRQWRORJ\FKHFNVWKH
FRUUHFWQHVV RI WKH ,2PRGHOV EXW QRW WKH FRUUHFWQHVV RI WKH SURFHVV LWVHOI RU WKH SRVVLEOH DOWHUQDWLYH ,2PRGHOV
ZKLFKZLOOEHJHQHUDWHGGXULQJ WKHSURFHVVH[HFXWLRQ)RU WKHPRGHO FKHFNLQJHDFKSURFHVV LV UHODWHG WRD VHWRI
ORJLFDO UXOHV VSHFLI\LQJ UHVWULFWLRQV FDUGLQDOLWLHV HWF IRU WKH GRPDLQ PRGHO DQG HQYLURQPHQW PRGHO VFKHPDV
)LJXUHOHIW7KHVHORJLFDOUXOHVUHSUHVHQWWKHUHTXLUHPHQWVWKHJLYHQPRGHOVDQGWKHLULQVWDQFHVKDYHWRIXOILOOIRU
WKHUHODWHGSURFHVV7KHHQYLURQPHQWDQGGRPDLQPRGHOVZLWKWKHLUFHUWDLQLQVWDQFHVUHSUHVHQWWKHUHVRXUFHVZKLFK
KDYH WR IROORZ WKHJLYHQPRGHO VFKHPDDQG WKH UHODWHG UXOHV7KHUHE\ WZRSURFHVVHVFDQEH UHODWHG WR WKH VDPH
PRGHOVFKHPDV EXW WR GLIIHUHQW ORJLFDO UXOHV 7KLV ZRXOG PHDQ WKDW WKH SURFHVVHV DUH RSHUDWLQJ RQ WKH VDPH
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GRPDLQVDQGWKHVDPHHQYLURQPHQWEXWWKH\QHHGDGLIIHUHQWYLHZIRUWKHSURFHVVH[HFXWLRQ6RWKHSURFHVVPRGHO
FRPSULVHV ERWK WKH ³7REH´ GHVFULSWLRQ UHSUHVHQWHG E\ WKH PRGHO VFKHPDV DQG ORJLFDO UXOHV DQG WKH ³$VLV´
GHVFULSWLRQUHSUHVHQWHGE\WKHPRGHOLQVWDQFHV7KLVZRUNIRFXVHVRQWKHLQVSHFWLRQRIWKHFRUUHFWQHVVRIWKHOLQNLQJ
EHWZHHQ WKHGLIIHUHQWGRPDLQPRGHOV7KHUHE\ WKHGHYHORSHG LQVSHFWLRQSURFHVVDOORZV WKH OLQNLQJYDOLGDWLRQRQ
GLIIHUHQWOHYHOVDQGIRUGLIIHUHQWSDUWLDOPRGHOVRIWKHGRPDLQPRGHOV)LJXUHULJKW2QWKHILUVWOHYHORQO\WKH
H[LVWHQFHRIDOLQNLVFKHFNHG,IWKHFKHFNLVSDVVHGWKHQRQWKHQH[WOHYHOWKHFRUUHFWQHVVRIWKHOLQNVLVYDOLGDWHGE\
LQVSHFWLQJ WKH 0HWD GDWD )RU H[DPSOH RQ WKLV OHYHO LW ZLOO EH FKHFNHG LI WKH GHQVLW\ RI D FHUWDLQ PDWHULDO
FRUUHVSRQGVWRWKHOLQNHGZDOO,QWKHQH[WVWHSDOO0HWDGDWDZLOOEHDQDO\]HGLQDFRQWH[W6RWKHOLQNEHWZHHQWKH
PDWHULDO DQG WKH EXLOGLQJ HOHPHQWPLJKW EH JHQHUDOO\ FRUUHFW EXW QRW IRU D FHUWDLQ FOLPDWH DQG D FHUWDLQ UHJLRQ
HQFRGHGLQDOLQNHGFOLPDWHPRGHO1H[WWRWKHLGHQWLILFDWLRQRIFHUWDLQHUURUVWKHLQVSHFWLRQUXOHVDOORZVWRVHDUFK
IRUSRVVLEOHHUURUVDQGWRJHQHUDWHZDUQLQJV7KLVFRXOGKDSSHQLIIRUH[DPSOHWKHIRUHVHHQPDWHULDOIRUDFHUWDLQ
EXLOGLQJHOHPHQWFRXOGQRW IXOILOO WKH UHTXLUHPHQWV IRU WKHEXLOGLQJHQHUJ\DQDO\VLV7KHPDWHULDOYDOXHVFRXOGEH
ZLWKLQWKHDOORZHGYDOXHUDQJHIRUWKHUHODWHGEXLOGLQJHOHPHQWEXWDOVRZLWKLQWKHFULWLFDOYDOXHUDQJHLGHQWLI\LQJ
YDOXHV DQG OLQNVZKLFKZLOO SRVVLEO\ OHDG WR QHJDWLYH DQDO\VLV UHVXOWV 7KH QH[W WZR VWHSV EHORQJ WR LQVSHFWLRQ
PHWKRGV VWURQJO\EDVHGRQ DQDO\VLVPHWKRGVRI FHUWDLQ VWDQGDUG UHJXODWLRQV OLNH WKH(XURFRGH7KHVH UHJXODWLRQV
IRUPXODWHGLQRQWRORJ\UXOHVDUHILUVWO\DSSOLHGRQWKH0HWDGDWDDQGWKHQLQWKHILQDOVWHSRQWKHFRPSOHWHLQWHJUDWHG
GDWD

7KH HQFRGLQJ RI OLQN LQVSHFWLRQ PHWKRGV YLD RQWRORJ\ UXOHV VKRZV WKH IRFXVHG DSSOLFDWLRQ VFHQDULR IRU WKH
V\VWHPDQDO\VLVRQWRORJ\LQWKLVSDSHU,QIXUWKHUZRUNLWLVSODQQHGWRXVHWKHRQWRORJ\DQGLWVUXOHGHILQLWLRQVDOVR
IRU DXWRFRUUHFWLRQV ,Q WKLV VHQVH WKHRQWRORJ\FRXOG DXWRPDWLFDOO\ LGHQWLI\PLVVLQJ OLQNVRU D OLVWLQJRISRVVLEOH
OLQNV VXSSRUWLQJ WKH XVHU LQ WKH SUHSDUDWLRQSKDVH+RZHYHU WKH VLPXOWDQHRXVXVH RIPRGHO GHVFULSWLRQ DQG UXOH
GHILQLWLRQV VKRZV WKH DGYDQWDJH RI RQWRORJLHV DV PRGHOLQJ WHFKQLTXH ZKLFK DOORZ VSHFLI\LQJ GRPDLQV DQG
LQWHUSUHWLQJWKHVHVSHFLILFDWLRQVE\DSSO\LQJFRPPRQVHPDQWLFWRROV


)LJ,QVSHFWLRQ0RGHO
HH%,0
)RU WKH FHUWDLQ HQJLQHHULQJ DQDO\VHV WKH XVH RI RQH GRPDLQ PRGHO LV PRVWO\ QRW HQRXJK 2IWHQ DGGLWLRQDO
LQIRUPDWLRQFRPLQJIURPRWKHUGRPDLQVDUHUHTXLUHGDQGKDYHWREHFRPELQHGFUHDWLQJDQRYHUDOOLQIRUPDWLRQEDVLV
DQGSURYLGLQJWKHLQSXWLQIRUPDWLRQIRUWKHHQYLVDJHGH[WHUQDOVLPXODWLRQWRROVDQGWKHLUUHODWHGVLPXODWLRQPRGHOV
,QSDUWLFXODU WKHIRFXVHGHQHUJ\SHUIRUPDQFHDQDO\VLVRIEXLOGLQJVQHHGVQH[W WR WKH%,0LQIRUPDWLRQGHVFULELQJ
WKHDUFKLWHFWXUHRI WKHEXLOGLQJ LQIRUPDWLRQDERXW WKHFOLPDWH WKHXVHUEHKDYLRU HWF7RFRPELQH WKHVHGLIIHUHQW
GRPDLQLQIRUPDWLRQWZRFRUHVWUDWHJLHVFDQEHGLVWLQJXLVKHG&HQWUDOL]HGLQIRUPDWLRQLQWHJUDWLRQDQGGHFHQWUDOL]HG
LQIRUPDWLRQLQWHJUDWLRQ%\XVLQJWKHFHQWUDOL]HGDSSURDFKRQO\RQHGRPDLQPRGHOUHSUHVHQWLQJWKHFHQWHUPRGHOLV
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UHODWHGWR WKHRWKHUGRPDLQPRGHOV7KHGHFHQWUDOL]HGDSSURDFKLVFKDUDFWHUL]HGE\GRPDLQPRGHOVZKLFKFDQEH
FRPELQHG DUELWUDULO\ ZLWK HDFK RWKHU &DXVHG E\ WKH IDFW WKDW IRU EXLOGLQJ GHVLJQ LVVXHV WKH EXLOGLQJ DQG WKH
FRUUHVSRQGLQJ%,0PRGHOLVIRFXVHGWKHRQWRORJ\DSSURDFKIROORZVWKHFHQWUDOL]HGLQWHJUDWLRQZLWKWKH%,0PRGHO
DV FHQWHU PRGHO %,0 PRGHO LPSOHPHQWDWLRQV OLNH WKH ,)& DLP WR SURYLGH JHQHUDO FRQFHSWV WR FRYHU FRPPRQ
EXLOGLQJ GHVLJQ VFHQDULRV EXW IRU VSHFLILF HQJLQHHU WDVNV DGGLWLRQDO %,0 LQIRUPDWLRQ DUH UHTXLUHG WR H[WHQG WKH
DUFKLWHFWXUHPRGHO7KLVH[WHQGHG%,0H%,0KDVWRRIIHUWKHFRQQHFWLRQSRLQWVQHHGHGWROLQNWKHLQIRUPDWLRQRI
WKHQRQ%,0GRPDLQPRGHOVDQGWRFRPSOHWHWKHRYHUDOOHQHUJ\HQKDQFHG%,0PRGHOHH%,0

,QWKHRQWRORJ\DSSURDFKWKH%,0PRGHOLVUHSUHVHQWHGE\WKH%,0RQWRORJ\WKHH[WHQVLRQRIWKH%,0PRGHOLV
UHSUHVHQWHGE\WKH,QWHUIDFHRQWRORJ\DQGIRUUHDOL]LQJWKHHH%,0PRGHOWKHQRQ%,0RQWRORJLHVKDYHWREHOLQNHG
)LJXUHOHIW7RWUDQVIRUPWKHUDZGDWDLQWRRQWRORJ\LQIRUPDWLRQWKH\KDYHWREHPDSSHGDQGOLQNHG

 WRPDSSLQJMXVWWUDQVIRUPVWKHGDWDIRUPDWLQWRRQWRORJ\IRUPDW,QWKHPRVWFDVHVLWLVD;0/WR2:/RU
,)&WR2:/WUDQVIRUPDWLRQ
7KHUHGXFHGPDSSLQJGRHVQRWPDSWKHFRPSOHWHGDWDLQWRWKHRQWRORJ\7RDFKLHYHDOHDQRQWRORJ\PRGHOQRWDOO
GDWDDUHLQWHJUDWHGHJJHRPHWU\GDWDDUHQRWFRQVLGHUHG,QVWHDGRIWKHZKROHJHRPHWU\PRGHORQO\GHULYHG
DEVWUDFWGDWDDUHLQFOXGHGHJWKHZLGWKRUKHLJKWRIDURRPLQVWHDGRIWKHZKROHURRPJHRPHWU\
1WRPDSSLQJFRPELQHVVHYHUDOGDWDWRJHWRQHRQWRORJ\HOHPHQW9LFHYHUVDWR1PDSSLQJVSOLWVRQHGDWD
HOHPHQWLQWRVHYHUDORQWRORJ\HOHPHQWV
'LUHFWOLQNLQJLVGRQHLQWKHFRXUVHRIWKHHOHPHQWPDSSLQJRSHUDWLRQVRUPDQXDOO\LIFRUUHVSRQGLQJHOHPHQWV
FDQQRWEHLGHQWLILHGE\DOJRULWKPV
 ,PSOLFLWOLQNLQJLVEDVHGRQRQWRORJ\UXOHVXVHGWRLQWHUSUHWLPSOLFLWLQIRUPDWLRQIRUJHQHUDWLQJH[SOLFLWOLQNV
7KLVLVPDLQO\GRQHIRUOLQNLQJWKH%,0ZLWKWKH,QWHUIDFHRQWRORJ\
([WHUQDOOLQNLQJGHVFULEHVWKHOLQNLQJEHWZHHQDQRQWRORJ\DQGDGDWDHOHPHQWPDSSLQJRSVPDQXDOO\

,Q VXPPDU\ WKH RQWRORJ\ DOORZV WKH LQWHJUDWLRQ RI GDWD RQ WKUHH DEVWUDFWLRQ OHYHOV 2Q WKH ORZHVW OHYHO WKH
H[WHUQDOGDWDDUHRQO\OLQNHGE\DFHUWDLQ85/7KHFRQWHQWRI WKHOLQNHGGDWDILOH LVXQNQRZQ2QWKHQH[W OHYHO
DGGLWLRQDOO\WRWKH85/OLQNDGGUHVV0HWDGDWDDUHLQWHJUDWHG2QWKHKLJKHVWOHYHOWKHH[WHUQDOGDWDDUHFRPSOHWHO\
LQWHJUDWHG7KH LQWHJUDWLRQRI WKHGDWD LVQH[W WR LWV UHSUHVHQWDWLRQ LQGLIIHUHQWDEVWUDFWLRQ OHYHOVGHSHQGHQWRQ WKH
GDWDVHWZKLFKLVVHOHFWHGWREHLQWHJUDWHGLQWKHRQWRORJ\
H%,0
,QRUGHU WR FRPH WR DQ HQHUJ\ LQWHUSUHWDEOH%,0ZHGHILQHG D VWHSZLVHGDWD H[WHQVLRQ VR WKDW HQHUJ\UHODWHG
HQWLWLHVDUHH[SOLFLWO\JLYHQDQGIRUPLQJWKHFRQQHFWLRQSRLQWVWRQRQ%,0GDWD)RUGRLQJVRZHFKHFNWKH/R'WKH
LQIRUPDWLRQ LV VWUXFWXUHG ILUVW $V DQ DEVROXWH UHTXLUHPHQW ZH VXSSRVH WKDW VSDFH ERXQGDULHV DUH JLYHQ ZKHUH
DVVRFLDWHGEXLOGLQJHOHPHQWVFDQEHFRQVLGHUHGJHRPHWULFDOO\DVH[WHUQDORULQWHUQDO>@:LWKVXFKLQIRUPDWLRQZH
FDQFRQVLGHULIHJDZDOOLVDQRXWGRRURULQGRRUZDOOHWF)LJXUHSUHVHQWVDQH[FHUSWRIRXUUXOHVHWIRUEULQJLQJ
WKH%,0HQWLWLHVWRDQH[WHQGHG%,0UHSUHVHQWDWLRQZKLFKLVPRUHW\SHVDIHDQGWRROLQWHUSUHWDEOH5XOHQXPEHURQH
FKHFNV LI DW OHDVWRQH VSDFHERXQGDU\ LVGHVFULEHGDV ³(;7(51$/´DQG LI WKLV LV WKHFDVH WKHZKROHZLQGRZ LV
LQIHUUHGDVRXWGRRUZLQGRZ5XOHQXPEHU WZRFKHFNV LIDEXLOGLQJHOHPHQW LVD IDoDGHHOHPHQWE\DQDO\]LQJ WKH
VSDFHERXQGDULHVLQWKHVDPHPDQQHUDVLQWKHRUDQJHUXOH5XOHQXPEHUWKUHHH[SUHVVHVWKDWDOOIDoDGHHOHPHQWVDUH
SDUWRIWKHEXLOGLQJIDoDGH

,QDQRWKHUUXOHVHWZHPDNHDVLPLODUDQDO\VLVZKHUH,IF6SDFHHQWLWLHVDUHHYDOXDWHG)RUH[DPSOHEDVHGRQWKH
QDPHRIWKHURRPDQGWKHGHILQLWLRQJLYHQE\DURRPERRNDQ,IF6SDFHLVDVVLJQHGWREHDQRIILFHURRPGHILQHGDV
2:/ FODVV ³:RUN5RRP´ RU D WHFKQLFDO URRP ³7HFKQLFDO5RRP´ ZKLFK ERWK H[WHQGV ,IF6SDFH:LWK VXFK DQ
DVVRFLDWLRQ KHDWHG URRPV HJ RIILFH OLYLQJ DUHD HWF FDQ EH LVRODWHG IURP XQKHDWHG URRPV HJ FDEOH IXQQHO
HOHYDWRUHWFLQDQH[WVWHS
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$IWHU WKH H[WHQGHG HOHPHQWVZHUH JHQHUDWHG DQG OLQNHG D FKHFN LV SHUIRUPHG LI DOO LQGLYLGXDOVZHUH LQIHUUHG
FRUUHFWO\:KHQUXOHVHWVZKLFKEULQJWKH%,0WRDQH%,0FDQQRWEHDSSOLHGDQGYDOLGDWHGLWLQGLFDWHVWKDWWKHUH
LVDSUREOHPUHJDUGLQJWKHSRVVLELOLW\WRSHUIRUPDQHQHUJ\DQDO\VLV7KHFKHFNLQJDJDLQVWFRQVWUDLQWVDQGUHDVRQLQJ
ZLWKUXOHVDUHELJDGYDQWDJHVZKHQZRUNLQJZLWK%,0:KLOH WKHUHDUHPDQ\H[LVWLQJVSHFLILFDWLRQVKRZDZHOO
PRGHOOHG EXLOGLQJ VKRXOG EH SURYLGHG HJ WKURXJK /R' LW LV QRW H[SOLFLWO\ GHILQHG LQ WKHPRGHO VFKHPD DQG
WKHUHIRUHQRWPDQGDWRU\7KHZD\RIH[SUHVVLQJPRGHOUHTXLUHPHQWV WKURXJKUXOHV OHDGVWRDFRQVLVWHQWZRUNIORZ
ODWHUDQGVDYHVWLPHLQWKHFDVHWKDWDQHQHUJ\VLPXODWLRQIDLOVRUSURGXFHVZURQJUHVXOWV

)LJ5XOH6HWIRUILQGLQJ2XWGRRU:DOOV2XWGRRU6ODEV2XWGRRU:LQGRZV,QGRRU:LQGRZV)DoDGH(OHPHQWVDQGWKH)DoDGH
:LWKLQ WKHH%,0PRGHODOVRVHOHFWLRQUXOHVDUHVSHFLILHGDOORZLQJDVHPDQWLFVHOHFWLRQRI%XLOGLQJ=RQHVDQG
%XLOGLQJ (OHPHQWV )LJXUH  7KH LQVSHFWLRQ SURFHVV GHVFULEHG LQ VHFWLRQ  ZRXOG OHDG WR D WLPHFRQVXPLQJ
DQDO\VLV LI WKH OLQNLQJ ZLOO EH YDOLGDWHG RQ D PRUH GHWDLO OHYHO DQG IRU WKH ZKROH EXLOGLQJ %HVLGHV WKH ILUVW
LQVSHFWLRQ VWHS WKH IROORZLQJ LQVSHFWLRQ VWHSV DUH FKHFNLQJ FRQWHQW LQIRUPDWLRQZKLFK UHTXLUHV WKH H[HFXWLRQ RI
VHYHUDOUXOHV7KHLGHDRIWKHVHPDQWLFVHOHFWLRQLVQRZWRILQGH%,0HOHPHQWVLQWHUHVWLQJIRUDGHWDLOHGLQVSHFWLRQ
7KHVHHOHPHQWVUHSUHVHQWWKHPRVWFULWLFDOHOHPHQWVLQWKHHQHUJ\UHODWHGDQDO\VLV6RLQWKHILUVWVHOHFWLRQWKHPRVW
FULWLFDODEVWUDFWHOHPHQWVZLOOEHLGHQWLILHGE\RQWRORJ\UXOHV$EVWUDFWHOHPHQWVDUH%XLOGLQJ=RQHVOLNHURRPVRU
IORRUVDQGFULWLFDOURRPVDUHURRPVZLWKDKXJHZLQGRZDUHDIRUH[DPSOH:KHQWKHFULWLFDODEVWUDFWHOHPHQWVZHUH
LGHQWLILHG WKH UHODWHG FRQFUHWH HOHPHQWV OLNH ZDOOV RU ZLQGRZV DUH VHOHFWHG 7KLV VHOHFWLRQ LV DOVR IRFXVHG RQ
HOHPHQWVZKLFKDUHPRVWFULWLFDOZLWKUHJDUGWRWKHHQHUJ\DQDO\VLV$IWHUWKHVHOHFWLRQLVGRQHDQGVHOHFWLRQVHWVDUH
JHQHUDWHG WKHVH VHWV FDQ EH UHODWHG WR WKH GLIIHUHQW LQVSHFWLRQ VWHSV1H[W WR WKH WLPH VDYLQJ HIIHFW WKLV NLQG RI
LQVSHFWLRQ FDQ VDYH GDWD VSDFH E\ LQWHJUDWLQJ WKH H[WHUQDO GDWD LQWR WKH RQWRORJ\ RQO\ RQ WKH DEVWUDFWLRQ OHYHO
QHFHVVDU\IRUWKHVHOHFWHGLQVSHFWLRQVWHS
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
)LJ6HPDQWLF6HOHFWLRQ
6HPHH/DE
7R LQWHJUDWH WKH RYHUDOO V\VWHP DQDO\VLV RQWRORJ\ DQG LWV IXQFWLRQDOLWLHV D VSHFLILF SODWIRUP FDOOHG 6HPHH/DE
6HPDQWLFDOHQHUJ\HIILFLHQF\/DERUDWRU\)LJXUHULJKWZDVGHYHORSHG6HPHH/DELVDZHESODWIRUPIRUEXLOGLQJ
HQHUJ\ SHUIRUPDQFH DQDO\VHV EDVHG RQ %,0 ,W DOORZV DVVLJQPHQWV WR %,0 HQWLWLHV SHUIRUPV WKHUPDO HQHUJ\
VLPXODWLRQV DQG VLPSOH FRVW FDOFXODWLRQV EDVHG RQ HQHUJ\ UHVRXUFHV OLNH PDWHULDOV FOLPDWH DQG RFFXSDQF\
6HPHH/DEEULQJVWRJHWKHUDUFKLWHFWVHQHUJ\SODQQHUVDQGIDFLOLW\PDQDJHUVZKLOHLQWHJUDWLQJWKHLUVSHFLILFVRIWZDUH
WRROVIRUGHVLJQDQGUHVXOWYDOLGDWLRQ>@DQGVWRUHQHHGHGUHVRXUFHVLQD%,0VHUYHU

7KH ZHE SODWIRUP FRQVLVWV RI D PLGGOHZDUH FDOOHG 6HPHH&RUH ZKLFK FRQWUROV WKH GDWD PDQDJHPHQW WRRO
PDQDJHPHQWDQGZRUNIORZV6HPHH&RUHLVFRQQHFWHGYLDZHEVHUYLFHZLWKD%,0VHUYHUZKHUHDOOWKHUHVRXUFHVDUH
VWRUHG DQG YHUVLRQHG DQG LV FRQQHFWHG WR D FORXG HQYLURQPHQW ZKHUH WKH HQHUJ\ DQDO\VLV FRPSXWDWLRQ ZLOO EH
H[HFXWHG(QGXVHUDSSOLFDWLRQV OLNHGHVLJQWRROVHJ&$'WRROVDQGYDOLGDWLRQ WRROVHJURRPUHTXLUHPHQWVRU
FRVWFDOFXODWLRQWRROVDUHFRQQHFWHGWR6HPHH&RUHYLDZHEFOLHQWVDQGKDYHDFFHVVWRSUHSDUHGUHDG\IRUVLPXODWLRQ
GDWDDQGHQHUJ\UHVXOWVRISUHYLRXVVLPXODWLRQV

)RULQWHJUDWLQJWKHKHWHURJHQHRXVGDWDPRGHOVLQWRWKHV\VWHPDQDO\VLVRQWRORJ\DFFRUGLQJWRWKHQHHGHGOHYHORI
GHWDLO DPXOWLOD\HU DSSURDFK LVXVHG >@7KLVPXOWLOD\HU DSSURDFKFRPSULVHV VHYHQ OD\HUV'DWD0RGHOV0RGHO
6HUYLFHV8QLILHG,QIRUPDWLRQ0RGHO%XVLQHVV6HUYLFHV3URFHVV'HILQLWLRQV$FFHVV/D\HUDQG$SSV7KHUHE\WKH
LQWHJUDWLRQSURFHVVEHJLQVDWWKHERWWRPLQWKHGDWDPRGHOOD\HUDQGHQGVLQWKHDSSOLFDWLRQOD\HU
'DWD PRGHOV DUH PRGHOV UHSUHVHQW GRPDLQ UHODWHG LQIRUPDWLRQ OLNH WKH EXLOGLQJ PRGHO IRU WKH DUFKLWHFWXUDO
GRPDLQFOLPDWHGDWDDQGRFFXSDQF\GDWD IRU WKHHQHUJ\GRPDLQRU WKHSURGXFWGDWDFDWDORJXHVRIPDQXIDFWXUHUV
7KH\DUHSURYLGHG LQGLIIHUHQWGDWD IRUPDWV OLNH ,)&[;0/67(3RU&697KHSXUSRVHRI WKHSODWIRUPLV WR
NHHSHDFKGDWDPRGHODVLWLVDQGRQO\FKDQJHLWE\WKHXVHUZKRLVUHVSRQVLEOHIRUWKDWPRGHO

)RUGRLQJVR0RGHO6HUYLFHVFRPSULVHLQILUVWSODFHSDUVHUVHJ,)&SDUVHUOLNH%,0ILW>@;0/SDUVHUZKLFK
UHDGWKHPRGHOVDQGEULQJWKHPLQFRPSXWDWLRQDOVWDWH)RURWKHUGDWDOLNHHH'DWDWKHUHH[LVW;0/SDUVHUVRURWKHU
WH[WSDUVHUVWRDOORZWKHGDWDH[FKDQJH7RILOOWKHRQWRORJ\WULSOHVWRUHVXEMHFWSUHGLFDWHREMHFWDQRQWRORJ\PRGHO
VHUYLFH0XOWL0RGHO&RPELQHUEDVHGRQ$SDFKH-HQDLVLPSOHPHQWHGDQGFDQEHXVHGE\DOORWKHUPRGHOVHUYLFHV
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:KHQSDUVLQJWKHPRGHOVWKHPXOWLPRGHOFRPELQHUFKHFNVWKH/R'RIWKHPRGHODQGLQWHJUDWHVWKHQHHGHGPRGHO
HOHPHQWV


)LJ0XOWL0RGHO,QWHJUDWLRQ
)URPWKLVSRLQWRIWLPHDOOLQIRUPDWLRQZLOOEHUHWULHYHGIURPEXVLQHVVVHUYLFHV%XVLQHVVVHUYLFHVDUHWRSOHYHO
VHUYLFHVZKLFKPDLQO\XVHWKHV\VWHPDQDO\VLVRQWRORJ\WRUHWULHYHQHHGHGLQIRUPDWLRQHJWRSURFHVVXVHUUHTXHVWV
DQG WR EULQJ%,0 WR H%,0 DQG ILQDOO\ WR DQ HH%,0 UHSUHVHQWDWLRQ 7KHVHZRUNIORZV DUH DOLJQHG LQ WKH SURFHVV
GHILQLWLRQOD\HUDQGFDQEHVWDUWHGWKURXJKWKHDFFHVVOD\HUZKLFKSURYLGHVZHELQWHUIDFHVZLWK5(67WRH[WHUQDO
DSSOLFDWLRQVZKHUHXVHUVFDQFRQILJXUHVLPXODWLRQVDQGFDQWDNHDYLHZRQWKHHQHUJ\EXLOGLQJSHUIRUPDQFH
7KH$SSOLFDWLRQ/D\HUFRQWDLQVDOOSURJUDPVWRROVZHEDQGGHVNWRSDSSOLFDWLRQVZKLFKDUHXVLQJ6HPHH/DEIRU
GDWD YLVXDOL]DWLRQ LQIRUPDWLRQPDQDJHPHQW VLPXODWLRQPDQDJHPHQW RU UHSRUW PDQDJHPHQW 7KH FOLHQWV KDYH WR
LPSOHPHQW WKH IXQFWLRQDOLW\ WR FDOO WKH5(67 LQWHUIDFHSURYLGHGE\ WKHDFFHVV OD\HU7KHRWKHU OD\HUV DUHKLGGHQ
EHKLQGWKHDFFHVVOD\HUVRWKDWWKHDSSOLFDWLRQVRQO\KDYHWRIXOILOOWKHFRQWUDFWRIWKHZHELQWHUIDFH
&RQFOXVLRQ
,QWKLVSDSHUDQRQWRORJ\DSSURDFKZDVSUHVHQWHGIRUPLQJWKHEDVHIRUDVHPDQWLFLQWHJUDWLRQRIGLIIHUHQWGRPDLQ
PRGHOVIRUVXSSRUWLQJWKHGHVLJQRIDQHQHUJ\HIILFLHQWEXLOGLQJ+HUHWKHDGYDQWDJHRIRQWRORJ\EDVHGGHVFULSWLRQ
ZDV XVHG WR FRQVROLGDWH WKH KHWHURJHQHRXV UHVRXUFHV DQG WR LQVSHFW WKH JLYHQ PRGHO TXDOLW\ ZLWK UHJDUG WR WKH
HQYLVDJHG HQHUJ\SHUIRUPDQFH DQDO\VLV6R RQ WKHRQH VLGH WKHRQWRORJ\SURYLGHV WKH GHVFULSWLRQRI WKHGRPDLQ
PRGHOVE\VSHFLI\LQJFHUWDLQFRQFHSWVDQGRQWKHRWKHUVLGHWKHXQGHUO\LQJPDWKHPDWLFDOEDVLVHQDEOHVWKHGHILQLWLRQ
RIORJLFDOUXOHVDQGLQWKLVZD\WKHLQWHUSUHWDWLRQRIWKHPDGHVSHFLILFDWLRQVDQGWKHLULQWHURSHUDEOHXVH&DXVHRIWKH
UHDVRQWKDWVLPXODWLRQVFRVWVPXFKWLPHDQGEHIRUHVLPXODWLRQVFDQEHGRQHWKHFRQILJXUDWLRQFDQEHYHU\KXJHDQG
WKH SUHSURFHVVLQJ HUURQHRXV WKH RQWRORJ\ DSSURDFK DLPV WR SUHFKHFN WKH JLYHQ LQSXW GDWD E\ GHILQLQJ DQG
DSSO\LQJDSSURSULDWHORJLFDOUXOHV7KLVNLQGRILQVSHFWLRQDOORZVWKHLGHQWLILFDWLRQRIPRGHOLQJPLVWDNHVLQDYHU\
HDUO\ VWDJH RI WKH GHVLJQ SURFHVV E\ XVLQJ RQO\ FRPPRQ VHPDQWLF WRROV )RU DFKLHYLQJ VXFK D KROLVWLF PRGHO
DSSURDFK WKH DQDO\VLV FRQWH[W ZDV VSHFLILHG IRUPXODWLQJ D SURFHVV PRGHO DQG WKH %,0PRGHO ZDV VHPDQWLFDOO\
HQULFKHG WR DQ HQHUJ\ HQKDQFHG%,0PRGHO HH%,0 LQWHJUDWLQJ WKH DGGLWLRQDO HQHUJ\ UHOHYDQW LQIRUPDWLRQ OLNH
FOLPDWHGDWDRFFXSDQF\GDWDHWF

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7KH RQWRORJ\ DQG WKH FRUUHVSRQGLQJ RQWRORJ\ SODWIRUPZHUH GHYHORSHG DQG ZLOO EH IXUWKHU GHYHORSHG LQ WKH
(XURSHDQ,6(6SURMHFW,WFRXOGEHVKRZQWKDWWKHDSSOLFDWLRQRIWKHRQWRORJ\DSSURDFKKHOSVWRLGHQWLI\PRGHOLQJ
PLVWDNHV DV LW ZDV SODQQHG $W WKH FXUUHQW GHYHORSPHQW VWDWXV WKHUH H[LVWV RQO\ D VPDOO VHW RI LQVSHFWLRQ UXOHV
FKHFNLQJWKHV\QWDFWLFTXDOLW\RIWKHHH%,0PRGHO,WLVSODQQHGWRH[WHQWWKLVVHWRIUXOHVLQIXUWKHUZRUN6RUXOH
LPSOHPHQWDWLRQVZLOOEHLQWHJUDWHGFKHFNLQJWKHVHPDQWLFDQGWDUJHWTXDOLW\RIWKHHH%,0PRGHODQGUHGXFLQJWKH
WLPH VLPXODWLRQ VRIWZDUH ZLOO XVH IRU TXDOLW\ FRQWURO ,Q D IXUWKHU VWHS DXWRFRUUHFWLRQ PHWKRGV DUH HQYLVDJHG
FRUUHFWLQJWKHHUURUVGHWHFWHGE\WKHLQVSHFWLRQUXOHV
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